Canine transmissible venereal tumor (CTVT) is a unique tumor that can be transplanted across the major histocompatibility complex (MHC) barrier by viable tumor cells. In dogs, CTVT grows progressively for a few months and then usually regresses spontaneously. A long interspersed nuclear element (LINE) insertion is found specifically and constantly in the 5Ј end of the CTVT cell c-myc gene, outside the first exon. The rearranged LINE-c-myc gene sequence has been used with polymerase chain reaction (PCR) to diagnose CTVT. However, in CTVT cells, the total length of the inserted LINE gene is not constant. In this experiment, variation in the inserted LINE gene was studied to determine which parts of the LINE sequence can be used as primers to identify CTVT cells with in situ PCR (IS PCR). The LINE gene was inserted between the TATA boxes in the promoter region of c-myc. In CTVT cells, deletions of different lengths are frequent in this gene. However, the 550-bp segment at the 5Ј end of the LINE-c-myc gene was stable. Thus, primers were designed to cover the stable 0.55-kb segment from the 5Ј end outside the first exon of the c-myc gene to the 5Ј end of LINE gene stable segment. With these primers and IS PCR, individual CTVT cells in formalin-fixed tissue sections and CTVT cultures were identified. Cells from other canine tumors were negative for this gene. In addition, the CTVT-specific, 0.55-kb segment was not found in any spindle-shaped cells from progressive or regressive phase CTVT. The IS PCR technique also did not detect any positive spindle-shaped cells in CTVT cell cultures. Thus, fibroblastic terminal differentiation is less likely to be a mechanism for spontaneous regression of CTVT cells.
Canine transmissible venereal tumor (CTVT) is a naturally occurring tumor transmitted by viable tumor cells. CTVT cells are small and round, with a large nucleolus and prominent cytoplasm in which cytoplasmic vacuolization is common. Although the origin of CTVT cells has not been well defined, studies using immunohistochemical staining indicate that the tumor origin is histiocytic. 25, 27 The normal chromosome number for dogs is 78, and only the sex chromosomes are metacentric. In CTVT cells, the number of chromosomes ranges from 57 to 59, and 16 to 18 chromosomes are metacentric. 28, 31 Transposable elements (TE), or transposons, are a group of discrete genes that transport themselves directly from one site to another within the genome. 26 Transposon activity has been associated with chromosomal rearrangements, such as deletions, duplications, inversions, and translocations, and the recombination of host genomes. A 1.6-kb-long interspersed nuclear element (LINE), 20 a TE sequence or retroposon, was found in CTVT cells, inserted in the 5Ј end of the c-myc gene, outside the first exon. The truncated LINE-1 element has been sequenced, 7 and it contains a 1,378-bp insert flanked by a 10-bp direct repeat upstream of the c-myc gene. The DNA sequence of the LINE gene is similar to the repetitive element of primates. 20 This unique insertion has been used to diagnose CTVT with polymerase chain reaction (PCR). 9 However, the PCR products from the primers varied in length. Therefore, the stable portion of the LINE gene insertion yielded a constant result. In addition, in situ PCR (IS PCR) was developed to identify the LINE gene insertion in individual cells in formalin-fixed tissue and tumor cell smears. A 0.55-kb segment, which began at the 5Ј end, outside the first exon of c-myc, was stable and was excellent for identifying CTVT cells with IS PCR.
After transmission to a susceptible host, CTVT grows progressively for 4-6 months and then usually regresses spontaneously. 8, 12 The spontaneous regression of CTVT may be caused by host humoral and cellular immune responses against CTVT 10, 13 and overexpression of major histocompatibility complex (MHC) molecules. 19, 36 During the progression phase (P phase) when the tumor mass continuously grows, CTVT expresses very small amounts of MHC molecules because of a lack of ␤2-microglobulin. 11 During tumor regression (R phase), as it decreases in size, CTVT increases the expression of MHC molecules, 19, 36 which may increase the cytotoxic susceptibility of CTVT cells to tumor-infiltrating lymphocytes or peripheral blood lymphocyte. In other studies, the number of spindle-shaped cells increased during CTVT re- gression, which suggests that these cells were a transitional stage in the differentiation of fibroblasts. 18, 22 Using anti-ferritin/antitumor-associated antigen (TAA, with a molecular weight of 70 kD) hybrid antibodies against CTVT, specific ferritin grains were detected on the fibroblast-like cells in CTVT with an electron microscope. 17 There have been no further studies with this particular TAA. In this study, the IS PCR technique and primers associated with the LINE insertion were used to investigate whether the fibroblastic cells in the tumor mass or in tumor cell cultures were positive for LINE insertion.
Materials and methods

Sample preparations
Suspensions of 1 ϫ 10 8 viable tumor cells from a spontaneous case of CTVT were injected subcutaneously into each of the 10 sites in the back of 3 mixedbreed dogs. After inoculation, 1 tumor mass was excised from each dog every 3 wk during the P phase or every 1 to 2 wk during the R phase. Part of each tumor mass was mechanically crushed with a stainless steel mesh and passed through a 2-layered metal filter (pore size: 190 m). The CTVT cells were isolated with a 42% Percoll gradient as described previously. 19 The isolated CTVT cells were cultured at 37 C in Dulbecco modified Eagle medium a containing 10% fetal bovine serum. a Another portion of each tumor was fixed in 10% buffered formalin, embedded in paraffin, and cut into 4-m-thick sections. The IS PCR technique was used to test for the LINE-c-myc insertion in cultured CTVT cells, tissue sections, in formalinfixed and paraffin-embedded sections of other spontaneous canine tumors, including cutaneous histiocytoma (3), cutaneous mast cell tumor (3), cutaneous lymphoma (2), cutaneous squamous carcinoma (2), and mammary gland adenocarcinoma (3). These tumors were obtained from the National Taiwan University Veterinary Teaching Hospital, Taipei, Taiwan.
Primers
Primers P1 and T3 were designed to cover 1.6 kb of the LINE-c-myc insertion, 20 between the 5Ј end of c-myc, outside the first exon, and the 3Ј end of the LINE gene. 9 Another set of primers, Myc S-2 and LINE AS1, was designed to cover a 553-bp segment extending from the 5Ј end of the first c-myc exon of the LINE insertion ( Fig. 1 ).
T1: ATGCACCAAGATTTTCTTCACTGC P3: GCCATGAGATTCAAAACCAAGGCGG MycS-2: ATTCCTACGAATGAATGATTGGCCA-GA LINE AS-1: CAGACACATAGATCAGTGGAA-CAGAAT.
PCR detection of the LINE-c-myc insertion
The CTVT tissue (200 mg) was ground and mixed with 1.2 ml digestion buffer (10 mM Tris-Cl, pH 8; 100 mM NaCl; 25 mM ethylenediamine-tetraacetic acid [EDTA], pH 8; 0.5% sodium dodecyl sulfate; and 0.1 mg/ml Proteinase K). Tissues were shaken in a water bath (50 C) for at least 12 hr and then separated by sequentially reacting them with phenol, phenolchloroform, and chloroform. Supernatants were collected and mixed with 0.8 volume of isopropanol and 0.1 volume of 3 M sodium acetate (pH 5.2). After centrifugation, the DNA was washed, air dried, and dissolved in sterilized water. The DNA concentration was measured (OD at 260 nm). The amount of DNA in sterilized water was determined by the formula: total DNA (g) ϭ 50 ϫ (OD at 260) ϫ (dilution fold) ϫ (total volume in milliliters). The PCR was performed as described previously. 9 In brief, the following reagents were added to 1 g canine genomic DNA to make 50 l of PCR solution b : 50 mM KCl, 10 mM Tris-HCl pH 9.0, 0.1% Triton X-100, 2.5 mM MgCl 2 , 100 M each of dATP, dCTP, dGTP, dTTP, 5 U Taq DNA polymerase, and 0.8 M of each primer. The samples were processed in a Mastercycler c : 1 cycle at 94 C for 5 min; 35 cycles at 94 C for 1 min, 64 C for 50 sec, 72 C for 1 min, and 72 C for 5 min. Positive and negative controls were included.
Each 10 l of PCR product was gel electrophoresed (2.0% agarose gel prepared with Tris-borate-EDTA buffer) at 100 volts for 20 min. The size of the PCR products was evaluated with a DNA ladder marker. d The products were stained with ethidium bromide solution (0.5 g/ml) and viewed at 260 nm with a UV illuminator. The PCR products were sequenced with an automatic DNA sequencer. e Fifty CTVT cells suspended in 10 l phosphatebuffered saline (PBS) were used as a template, mixed with PCR reagents (20 M LINE-AS1, 2 l; MycS-2, 2 l; 10ϫ buffer, 5 l; 15 mM Mg, 10 l; 25 mM diethylnitrophyenyl thiophosphate [dNTP], 4 l; Taq, 1 l; and H 2 O, 16 l), and PCR was performed with a PCR device f as described above. After PCR, the samples were eletrophoresed on 1.5% agarose gel. The gel Identification of canine transmissible venereal tumor cells was observed with a UV box and photographed. The PCR products were sequenced using an automatic DNA sequencer. e
In situ PCR
The CTVT suspension cells and spindle-shaped cells. Suspensions of freshly isolated CTVT cells were smeared and air-dried on glass slides. The CTVT cells were washed gently and collected for the first passage.
Fibroblasts that remained at the bottom of the culture flask were discarded. Fibroblasts grown in the first and second passages were collected for further experiments. The CTVT smears and fibroblasts were fixed with 4% paraformaldehyde for 15 min at room temperature. Slides were washed 3 times in PBS and then rinsed with 0.1 M glycine in PBS for 30 min to block free aldehyde groups. Slides were treated with 0.05% Tween 20 in PBS for 20 min at room temperature and washed 3 times with PBS. The samples were covered with in situ flame, c overlaid with 65 l of the PCR reagent (MycS-2, 3 l; LINE AS-1, 3 l; 10ϫ buffer with Mg 2ϩ , 6.5 l; dNTP-dig, 0.65 l; double distilled water (DDW), 33.8 l; Taq, 0.65 l) and sealed with cover slips. c The PCR was performed as described above.
After PCR, the samples were stained with AP-conjugated anti-dig antibody (Ab) mixture g (0.1% fragment ab (FAB)-anti-dig ϭ 500:1) for 1 hr at room temperature and washed 3 times (5 min each time) with PBS. Samples were developed in 15 ml of alkaline phoshatase (AP) substrate h (25ϫ AP color development buffer 0.6 ml, H 2 O 14.4 ml, 150 l AP color reagent A, 150 l AP color reagent B). The reaction was stopped with water, and the samples were examined under a light microscope.
The CTVT sections. The CTVT sections (4-m thick) were treated with xylene for 20 min at 37 C and rinsed in series of ethanol solutions (100%, 95%, and 75%) for 1 min each. The IS PCR technique was performed as described above using the sections as templates. The IS PCR technique was also performed on sections from 2 to 3 cases of each of the canine tumors, including cutaneous histiocytoma, cutaneous mast cell tumor, cutaneous lymphoma, squamous cell carcinoma, and canine mammary gland adenocarcinoma. 
Results
Primer selection
The first pair of primers (T1 and P3) did not always amplify the 1.6-kb sequence of CTVT cell genomic DNA. However, there were a variety of PCR products from 1.6 to 0.55 kb; most were shorter than 0.7 kb. Sequencing the DNA of these PCR products revealed that many lacked a sequence in the 0.88-kb segment upstream of the 3Ј end of the LINE insertion. By comparing the c-myc promoter sequences between humans and dogs, LINE insertions were always found between the TATA boxes of the c-myc gene of CTVT (Fig. 2) . Therefore, a second set of primers (Myc S-2 and LINE AS1) was designed to target the 0.55-kb sequence from outside the 5Ј end of the first exon of c-myc to the 5Ј end of the LINE insertion. The nucleotide sequence of the 0.55-kb PCR product was compared with published sequences (Fig. 3a) . The sequence was Identification of canine transmissible venereal tumor cells identical to the sequence reported previously 9 and was 99.8% and 97.5% homologous to the sequences reported by others. 7, 20 On comparing the published sequences, it was seen that the 5Ј end of the inserted LINE gene was always present, on the contrary, most of the 3Ј end sequencing data were missing (Fig. 3b) . The PCR product of the second set of primers was specific because it was always 0.55 kb, and a nonspecific, 0.2-kb band was absent (Fig. 4) . Therefore, the second pair of primers was used in the development of IS PCR.
The IS PCR technique
The IS PCR technique readily detected the LINEc-myc sequence in the nucleus of cultured CTVT cells in suspension (Fig. 5a ). With this technique, the gene could be detected in as few as 3 cells. However, in suspensions with more than 39 cells, definitive detection was not possible because of excess cell components. The same results were obtained using IS PCR on tumor cells smeared on a glass slide and tumor tissue sections (Fig. 5b, 5c) . No LINE-c-myc sequence was detected in the white blood cell from a normal dog (Fig. 5d ) or in the cells of any of the other tested canine tumor sections ( Fig. 6a-6c ). The IS PCR technique did not detect the 0.55-kb LINE-c-myc sequence in any of the spindle-shaped cells from deparaffinized, formalin-fixed CTVT sections or from the first and second CTVT passages (Fig. 7) .
Discussion
There are 2 kinds of TE. Retroposons (Class 1 TE) code for a reverse transcriptase that makes DNA from their RNA transcript and integrates the DNA at new sites. Transposons (Class 2 TE) code for a transposase and directly manipulate DNA. 16 Known retroposons (class 1 elements) include Ali-, Ty-, copia-like elements, and LINE or L1. Known transposons (class 2 elements) include IS 10, IS 50, P, Ac, Tam, and Spm. Retroposons are classified further by the presence (LTR) or absence (non-LTR) of long terminal repeats. Transposable elements are ubiquitous in prokaryotes and eukaryotes and make up about 10% of the Drosophila genome, 14 50% of the maize genome, 6 and 40% of the mammalian genome. 35 The LINE gene insertion has been found in CTVT cells collected in many countries around the world. 1, 9 The insertion always begins at the 5Ј end, outside the first exon of c-myc gene. 1, 9, 20 Because the insertion is specific, a PCR method was developed to diagnose this tumor. 9 The primers (T1 and P3) used with this PCR method 8 obtained a specific, 1.6-kb segment. However, a nonspecific 0.2-kb band was present in all tissues tested, including normal canine tissue. Furthermore, PCR with primers T1 and P3 did not always detect the 1.6-kb segment. After repeated PCR and sequencing, it was found that part of the LINE gene insertion near the 3Ј end of the 1.6-kb segment was frequently missing, and the missing sequence usually was less than 0.88 kb. The missing sequences occurred in the 0.88kb segment upstream of the 3Ј end of the LINE gene insertion and not in the remaining 0.55-kb segment. Thus, the 0.55-kb segment is a stable region, and the 0.86-kb is an unstable region. Similar results were found on comparing the DNA sequences of LINE gene insertions in CTVT cells described in other published studies (Fig. 3b ). Therefore, a pair of primers (MycS-2 and LineAS-1) was designed to target the 0.55-kb segment. The new primers were superior to the old primers in that PCR results were constant and the non- The new primers were first tested, successfully, in CTVT cell cultures derived from tumors in the experimental dogs. Then the primers were applied to formalin-fixed, deparaffinized tissue sections. Positive reactions were specific to the CTVT cell nuclei. No positive reactions were obtained from normal dog tissues, other kinds of canine tumors, or human gastric adenocarcinoma. Thus, IS PCR system using primers MycS-2 and LineAS-1 specifically identifies CTVT cells, including those in formalin-fixed tissue sections.
It is interesting that in CTVT cells the 3Ј end of the LINE sequence is partly deleted. In studies on other mammals, LINE insertions were usually severely truncated at the 5Ј end. 35 Other types of retroposons, such as Kpn, also suffer from truncations, inversions, or deletions. 34 The role of LINE deletions in CTVT cells is not known. Retroposons were thought to be selfish DNA that provided no benefits to their host. However, retroposons can affect the function of the host genome in a variety of ways. The LINE gene mutations in 2 loci defective for RNA interference will desilence tandem repeats in the Caenorhabditis elegans germline. 5 In humans, 14 different disease-producing retrotransposition events involving diseases, such as hemophilia A and B and muscular dystrophy, are now known. 21 Only a few studies have demonstrated an association between retroposons and carcinogenesis. Insertion of the intracisternal A particle retroposon genome in cmos in mouse plamacytoma has transforming activity. 32 Transposon insertion can alter the regulation and expression of flanking genes. 15 In addition, c-myc mRNA of CTVT cells was more abundant than that of normal liver cells and suggested that the inserted LINE sequence affects c-myc transcription level. 20 The effect of the LINE gene insertion on CTVT cell transformation is not known, but c-myc is involved in the tumorigenic transformation of primary embryo fibroblasts. 23 Sustained activation of c-myc in adult suprabasal epidermis induces papillomatosis with angiogenesis, and deactivation of the oncogene spontaneously regresses the premalignant changes. 30 Terminal differentiation usually results in tumor regression. 2, 24 During the stable and regression phases, the morphology of CTVT cells observed with an electron microscope was transitional between oval and spindle shaped. 18, 22 The spindle-shaped cells contained cytoplasmic vacuolar collagens, which were taken as evidence that the CTVT cells were undergoing fibroblastic differentiation. In addition, TAAs were present on transitional CTVT cells and fibroblastic cells. 17 The molecular weight of the TAA was over 70 kd, 29 but this TAA has not been characterized further. Using IS PCR, the CTVT-specific, LINE gene insertion at the 5Ј end, outside the first exon of c-myc, was not found in the spindle-shaped cells in tumor sections or in the CTVT cultures. Therefore, fibroblastic terminal differentiation is less likely to be responsible for CTVT regression. However, the possibility that loss of the LINE gene insertion could result in terminal differentiation cannot be ruled out.
Other oncogenes and differentiation-inducing agents are involved in the terminal differentiation process. Neu was found to be a paracrine differentiation factor for prostate gland cancer. 24 Neu differentiation factor (heregulin) upregulates expression of p53 by stabilizing the protein and upregulates p53-inducible gene p21 WAF1/CIPI in cell lines. 3 erbB apparently induces tumor cell differentiation. 2 Chemicals such as theophylline 33 and butyrate 4 can also induce growth inhibition and differentiation. Little is known about the oncogenes associated with terminal differentiation of canine cancers. Detailed research on canine molecular genetics is needed to gain a fuller understanding of the mechanisms. 
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